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NATURAL RUBBER UNIT 

This unit of THINGS of science con¬ 
sists of a sample of natural rubber latex, 
a sample of crude smoked rubber, a sam¬ 
ple of rubber impregnated nylon cord, a 
sample of foam rubber and a red pencil 
eraser. The purpose of this unit is to 
introduce you to the history of rubber 
and to acquaint you with some of the 
interesting properties of this material. 
The twelve experiments described in this 
unit demonstrate these properties as well 
as some of the uses of rubber. 

First, identify the materials in this 
unit: 

LIQUID LATEX—A small plastic vial 
with the water emulsion of natural rubber. 

SMOKED RUBBER —Unvulcanized 
crude natural rubber that has been 
smoked to preserve it. 

RUBBER-COATED CORD—Rubber 
impregnated cord used as tire ply stock 
in the manufacture of automobile tires. 

FOAM RUBBER—Latex foam of 
medium density. 

PENCIL ERASER—Small cylindrical 
piece of red rubber used in pencils to 
erase pencil marks. 

This unit was produced in cooperation 
with the Natural Rubber Bureau which 
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has furnished the materials found in this 
unit. 

Until the year 1496, the Indians of 
Latin America were the only users of 
rubber. In that year Columbus discovered 
during his second voyage to the New 
World that the natives of Haiti played 
with a ball made from the gum of a 
tree. These Indians collected the latex 
from rubber trees and dried it on sticks 
over smoky fires. 

Columbus took samples of these bounc¬ 
ing balls back to Queen Isabella of Spain. 
This material went unnoticed for over 
150 years. 

In 1768 a French scientist made a 
pair of rubber riding boots for Frederick 
the Great. These boots proved to be 
rather unsatisfactory since they became 
sticky in hot weather and brittle in cold 
weather. Vulcanization, which we will 
tell you more about later on, made it 
possible to use rubber in all climates. 

The rubber tree requires a hot, wet 
climate for optimum production. The 
dense jungles of South America where 
rubber originated make it very difficult 
to collect the rubber latex. The equatorial 
climate of Southeast Asia is ideally suited 
to the growth of rubber trees. 
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Although the rubber tree is a native 
of South America, today over 90 per¬ 
cent of world’s supply of natural rubber 
is produced in Malaya and the other 
countries of Southeast Asia. Rubber 
plants and seeds were brought from Brazil 
to Southeast Asia in 1876. 

The famous English clergyman-chem¬ 
ist, Priestley, gave the origin of the name 
for this material in his book published 
in 1770. He pointed out that he had 
seen a substance that would wipe the 
marks of a black lead pencil from paper. 
This material was called "India rubber” 
because it came from the West Indies and 
would rub out pencil marks. 

Experiment 1. Examine the red pencil 
eraser. Test its ability to erase a pencil 
mark. 

It is interesting to note that the "lead” 
pencil contains no lead. The so-called lead 
is actually graphite, a form of pure car¬ 
bon. The pencil mark is made by rubbing 
the graphite of the pencil over paper. 
When the rubber eraser is rubbed over 
the pencil mark the graphite sticks to 
the rubber. You can say that the graphite 
prefers to stick to rubber rather than to 
paper. 

Because of this early use of rubber, we 
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now have rubber tires, rubber shoes, rub¬ 
ber raincoats, rubber garden hose and all 
sorts of rubber things today that are not 
used for rubbing pencil marks. This is 
why the rubber eraser was included in 
this THINGS unit. It is a prosaic ap¬ 
pearing item until its history is known. 

The first patented use of rubber was 
in the production of a waterproof fabric. 
In 1823, a Scotsman named Macintosh 
obtained a patent for his invention which 
consisted of sandwiching a layer of rub¬ 
ber between two pieces of cloth. In the 
same year, a London coachmaker in¬ 
vented rubber bands by cutting rubber 
into long strips. 

It was not until Charles Goodyear dis¬ 
covered how to make rubber stand 
changes in temperature in 1839 that rub¬ 
ber became a very useful substance. He 
accomplished this by heating rubber with 
sulfur. This process is called vulcaniza¬ 
tion. Today numerous substances are used 
in the place of sulfur for this purpose. 

Experiment 2. Examine the vial of 
rubber latex. Rub some of the liquid be¬ 
tween your fingers and note the sticki¬ 
ness. Smell the substance. 

This liquid is obtained from the rubber 
tree which is known by the Latin name, 
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Hevea brasiliensis. The bark of the rub¬ 
ber tree is cut by the "tapper” who places 
a cup to catch the latex as it flows from 
the tree. It takes from five to seven 
years for a rubber tree to grow large 
enough to be tapped. 

The liquid latex is carried to a factory 
where it is coagulated and sheets of raw 
rubber are obtained. Coagulation is ac¬ 
complished by the addition of acid. 

Experiment 3. Add an equal volume 
of ordinary vinegar to the vial containing 
the liquid latex. Note the change in ap¬ 
pearance of the liquid. Allow to stand for 
one hour. Remove the rubber that has 
coagulated. Is it elastic? 

In the next step of the processing of 
rubber, the sheets are smoked in order 
to preserve them. These smoked sheets 
are pressed into large bales for shipment 
to the rubber manufacturers around the 
world. 

Experiment 4. Examine the piece of 
smoked rubber. Can you smell the odor 
of smoke? Is this rubber elastic? 

Experiment 5. Place a small piece of 
the smoked rubber in the oven at 350 de¬ 
grees Fahrenheit on a piece of aluminum 
foil. After five minutes check the rubber 
to see how sticky it is and whether it is 
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still elastic. 

Experiment 6. Place the rest of the 
smoked rubber in the freezing compart¬ 
ment of your refrigerator. Leave for fif¬ 
teen minutes. Is the rubber flexible.^ Does 
it stretch? 

The smoked rubber has not been vul¬ 
canized. If rubber is to be exposed to 
variations in temperature, it must be 
vulcanized. 

Experiment 7. Obtain a small piece 
of vulcanized rubber from a hot water 
bottle or a rubber glove. Place it in the 
freezing compartment of your refrigera¬ 
tor and compare the results with v/hat you 
obtained using the smoked rubber. Check 
its behavior in the oven at 350 degrees 
Fahrenheit. 

The first rubber tires were built by 
the London coachmaker, Hancock, for 
Queen Victorias carriage. They were 
solid rubber tires made in 1846. ILe first 
useful pneumatic tire was made by John 
Dunlop of England in 1888. 

Experiment 8. Examine the piece of 
rubber-coated tire cord. Note the paral¬ 
lel cords. Strip the clear plastic off the 
material. Note the stickiness of the rub¬ 
ber. It is unvulcanized. 

Most automobile tires have four layers 
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or plies of these cords. These layers of 
rubber-coated cord are placed so that the 
cords of each layer are at an angle to the 
two adjacent layers. 

Experiment 9. Cut the piece of rub¬ 
ber-coated tire cord into four equal pieces. 
Place the four pieces in a pile with alter¬ 
nating layers having cords running in 
perpendicular directions. Place this pile 
of coated cords between two small pieces 
of aluminum foil. Press this with a very 
hot iron. Note the way that the layers 
are fused. Allow to cool and test to see 
how this combination resists tearing. 

Natural rubber is known chemically as 
a hydrocarbon. It is polyisoprene. A 
hydrocarbon is a chemical compound that 
contains only carbon and hydrogen. The 
rubber plant in some unknown way com¬ 
bines isoprene molecules to produce 
rubber. 

CH2 = CH —C(CH3) =CH2 
Isoprene 

[_CH2 —CH = C(CH 3 ) —CH2—]n 

Polyisoprene 

Polyisoprene is a polymer. It contains 
a very large number of isoprene units in 
each molecule. 

In the chemical formulas for isoprene 
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and polyisoprene, the C stands for a car¬ 
bon atom and the H stands for a hydro¬ 
gen atom. The subscripts indicate the 
number of each atom present in the mole¬ 
cule. The subscript n indicates that a 
very large number of the atoms in the 
bracket are present. 

The polyisoprene molecule in raw rub¬ 
ber is a very long molecular chain. Each 
molecule slides over the other molecules 
with relative ease. The molecular attrac¬ 
tion of the molecules for one another at 
room temperature is such that we observe 
the elasticity that is characteristic of rub¬ 
ber. At higher temperatures rubber soft¬ 
ens and loses its elasticity. At lower tem¬ 
peratures rubber becomes brittle and 
loses its elasticity. 

When rubber is vulcanized, sulfur 
atoms or other substances cause the in¬ 
dividual rubber molecules to be tied to¬ 
gether side by side rather than end to 
end. This causes the rubber to be less 
aflFected by changes in temperature. 

One of the more interesting things 
done with natural rubber is the manufac¬ 
ture of foam rubber. This is accomplished 
by the use of a blowing agent which 
creates thousands of little cells filled with 
gas or air in the rubber. This gives a 
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much lighter form of rubber with in¬ 
creased resilience. 

Experiment 10. Examine the piece of 
foam rubber. Note its lightness. Note 
how easily it can be compressed. 

Experiment 11. To determine how 
much of the piece of foam rubber is 
aaually rubber and how much is air, do 
this simple experiment. Compress the 
piece of foam rubber in your hand as 
tightly as you can. Immerse the foam 
rubber in a container of water. Allow 
the foam rubber to expand and absorb 
as much water as it can. Compress the 
piece of foam rubber over an empty 
glass and observe the amount of water 
that comes out of the rubber. Can you 
estimate the percent of rubber that is 
present in the piece of foam rubber? 
How much air is in the foam rubber? 

Experiment 12. Check the effect of 
heat on the foam rubber. How does cold 
affect it? Is the foam rubber vulcanized 
or unvulcanized? 

In the past one hundred years rubber 
has become one of the world’s most im¬ 
portant raw materials. Today more than 
50,000 different articles are made from 
it. Have you ever thought how many 
rubber things are used as a matter of 
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course during the day? 

Rubber is used for so many things be¬ 
cause it is elastic, flexible, airtight, water¬ 
tight, long-lasting and insulating. It is 
also very adaptable. It can be made tough 
and hard for use as a material for shoe 
soles. It can be made light and soft in 
the form of latex foam. It can be made 
into a substance that does not stretch at 
all. 

Water is carried in rubber hoses and 
electric cables are insulated by rubber 
coatings. Automobile tires and conveyor 
belts are made in very large sizes. Ob¬ 
jects as small as perfume bottle stoppers 
and ear plugs are also made of rubber. 

Raincoats and overshoes are made of 
rubber because it will keep water out. 
Balloons are made of rubber because it 
will keep air and other gases in. The 
washer in the water tap is made of rub¬ 
ber to keep it from le^ing. 

In your automobile you can find over 
350 parts made from rubber. Many sports 
depend upon the usage of rubber for 
making them faster and safer. Our homes 
and our schools are safer because of the 
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many rubber products that are used in 
them. 

New ways to use rubber in the service 
of mankind are continually being devel¬ 
oped by our scientists and engineers. One 
of the most recent is the use of rubber 
in roads. There are 82 stretches of rub¬ 
ber roads in the United States and 
Canada. These may indicate better roads 
in years to come. 

According to the figures released by 
the United States Department of Com¬ 
merce in 1954, the total production of 
rubber was used in the following per¬ 
centages: Tires and tire products—66.8 
percent, Miscellaneous mechanical prod¬ 
ucts—9.4 percent. Foam rubber—6.4 per¬ 
cent, Footwear, heels and soles—6.2 per¬ 
cent, Belting, hose and packing—3.1 
percent. Thread and rubber cement—1.0 
percent. All other uses—7.1 percent. 
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